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(54) DISPLAY DEVICE AND ITS DRIVING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To receive a TMDSHiransmitted 
image signal with various resolutions at a suitable display 
position on a liquid crystal panel. 

SOLUTION: A digital I/F circuit 1A decodes an image signal 
or the like TMDS-transmitted from a signal source, and 
outputs a digital image signal, a synchronous signal, a panel 
enable signal, and a dot clock. A polarity determining circuit 
4 determines polarity of the panel enable signal, and outputs 
it with always fixing the polarity. A first counter 5A measures 
a phase difference in a dot clock unit between a starting 
edge and s finishing edge of the panel enable signal, and 
detects a horizontal resolution. A second counter 6A 
measures duration of the panel enable signal outputted in 
one vertical period in a horizontal synchronous signal unit, 
and detects a vertical resolution. An image signal processing 
circuit 2A performs an optimal image process based on 
these resolution information. 
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imxm i] tmds esx« l v d s eai-ewfiwi 

W&ktH* % C t fc «fc 0 MS jK$£fiHB£lH9 L s 
iWB*¥RtfSl^flW1ll«fc«^^TA*llMMI^O 

OTMDS L V D S £&Stt;fcl!M8HI*f fc-r 3 

rs-rv^H/FHSSfc, 

BuaB-rv-^^ i /F@^8frp>ffi#^tt37s*/^.Y*-:7• 
;Mf^i<D^®13:£wsyu «toHjifb«nfc/^^>r* 

D>GSttNgij|n|JS^ £ til* t ftfc <*jl>f ?Mm 
cDPjU&x y i? t *T7x y S> MfEx 5? * ;1/ 

I / F m&frt>till3-£ft& K y h * a y ^#{5THtPJ 
U tf»ISSI**¥#«StiifBi: LTtftfrT SIS 1 

/ f iEiss^5»aj^$n§7j<¥[5iw{iW{iiTftaij u i+ 
msbx v * ;n / f isiK«fc o m *j s v z mmm 

§t*ttt, MfB2!lRtfM!2©#?y2©ttj?]«fct>*f 
*fft\ Fy hvMJ-^Xf-f^yW/^Wcgi 

im$m 3 ] tmds eatxti lvds e^-r^^fi 

/<*;u-f y;Hi^oHj6x y s>'£ 7k¥mmiE^ t <o 
{itSM^f&tfi-f * c fc «fc o zk^tb^fig^i&ff U 

*;l/©»i8{4Bfcift«£lii2j*S «fc ^ tcLfcc tttmw 
0 TMD S LVDS £aS£ftfcirMMre*7*=i 
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mzfiszfr i /F@^*>e»tH^$n§/^w*-y 

^*;M/FlHi8fr5atfjSft3 Ky F*Oy?ljiftT* 

i (Dio^yzt. 
10 l fiB»BKA**n«lfl31itt ! PJBiJiaB*»6lB*«nfc 
7**;W *-:/;MI^©l8l$&{&B i: MIESfilBl^fi^ 
<9&fflM«\ mirrWh I / Flsie^e»HJ^$nS7K 

huSB-tv 7 ^^ I / F 08S.I: <9 ttlrtSftSxS^/l/ijMWI 
^ffclttLT, MI2^lRtf^2<0*^>'^<t»3t#P>n5 

l\ Ky h v h U ■yi'Xf^X^W/^l/O^ffii 

20 tsci*lfai:t5f-fx^81. 

[If*«5] TMDSglWiLVDSWWti 

«M*«ia-r s c t <fc o 7X¥P^s-if is^ixff 

7^;b-T ♦-^Hl^OHtexv^fczKTKBBO^i:© 
ffiffiS«*WT S c t K «fc 0 zK¥tB*ttlBai*iR« U 

i/\ Ky hvFUy-^Xf f -fXyW7^;Vcogjg!fii[fi 

0 TMD S eiMXti LVDS fgjUStt/cHWIMB*! fcx 
-KU f^^Mllf, *¥ra«Bfll^ Sttraffifli 

40 "f -Sxv^/H/FlsIE&fc. 

-^;i/^*tt*-r*aittijBijiHiffii, 

t9SBffittWgij|5iK^ 5> ffi^l ?tift/UM *-7VW§*§ 

->*^/l/ 1 /FlsiBS^e,tH^$ns Ky K^ny^m&T* 

ttt, Hu!B<i14WgiJ[n]^e)|il^$nfc7U-.;U7^-7 f 
/Hi^OBBtex >y S7 ^ 7 i 7 ->* t (DfiffiM^, fulfil 
50 i?#A/ I /FlHlft*^tH*Sn5 Ky h^ny^#(4T- 
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1 mmmmic xii s tmtmm mm&& e> tax z nrc 

®{>ifgMS\ BufBx^;H/FlslSS^6)tb*^n57k 

tLxmtit^tnic, i mmmmic xiizti, mm 

Wfi^m&T-ItiJL, ffH^&*$ffllitt&1*fB2:LT 10 

fcSr3^TIR«m^«ia*^l/\ K-y h v h U 
BB*«7] TMDSfcMX(4L VDSfeifSliti 

^A^jn^f^xywgiicfcv^T, 20 

/ *-7;m*f ©Hiitex >y t H7x v ©fe 

ffifflg*tnHi-r s c 1 t «t o TKTa^ffisia*^ u 
/^^;i/-r *-:/;w§^©fpj&&B t mmmmtm t ©& 

t@M£1$ffi-f § c fc (c * 0 MEffl^tftM**^ U 
■flMBfc**ft@lcatoTft»U 30 

K> T M D s L V D S £2SSftfclftfWS^&T f 3 

-KU t^/MJMWI^ zk^raUBfll^ SB[TO§ 

^/Im^-TVHI^ F-y hZa>y*?%3-4mtl 40 
•f3-r->**/M/F[5JKfc, 

/m^©ffitt**jg"ju ffittoHSft*nfc/^;u-r* 

©H»&x»y ^fcffiK*¥HJWfI#fc©{ftffi3g*, itulEx 
1 / F Islg&fr 5Hja2ft3 K-yh^a vZm&T 
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S^/V 1 /F SHtfjSftS F -y F 9 d >y ^j£ftT- 

1 SB^rat ATI £ nSSSffiltWgiJIalfil^ £ Hi 7J H tifc 
©ffiffllS*, flriBx^*/l/l/FlslKfr5tttfjStiS* 

tLxttititztmc. lmmmmcxti-stu mm 
mm*. itfliBf^^i/ 1 /FiHiii*^m*?n«7k¥iBi 
wjrrs^©**:/*^ 

tulBfiJSiJBPT AT^Bft^fa^^iEStc A^» ? tiT t> S JpJ 

s^nfctt, tuiB7 :> v ; ^;n/FiPiss t fct)ai7^$n-s 

Ti?2)imM3mcftLX. m?m 1 RtfS 2 <D* t> y 

fi»»fifil«i:Ji:S^v»TW5«M^«LS*fTi\ F>y F 
vFU -y ^x-r-f W/^;KOnlfS(ftH{ca^fflW 

[000 1] 

l v d s gjMr- mmw s B^^^^Tj^-r § x 

[0 0 0 2] 

Se*. A-Vt^yea-^i (PC) 
W-^Xf-^aV (WS) H<Dfl^^5>^(I^ 

felt § B^©3t77ft MPS^c Hf § &ffi©-0>J#W?fl¥ 
7-2 1 9 4 8 6#4^Btc|3iiSnTl^o 
[0 0 0 3] 01 lim%L<D7i'U7XJ]<D7 : 4X7U 

2^ WMs^SIh]SS4 3, i B B B ;U;H4, zk¥^«B 
fl^ (HD) OA7J«f4 5, Mi![W]»§{g*§ (VD) © 

at3^74 6, mmsz* m^yv^mmA 7, ?g 

a B B ig»IlHlSS 4 8, T>FleISS5 0, 5 1, 5 2, 5 3fr 

-So 

[0 0 0 4] IBBDill^' ^-T5^fg^lHlK4 714, tK 
¥lRl^^&?>*Sil|5l^^i^^^S■^v^T, 

toy % t&ic^ mwmm*mM*7r<tit 

So JtK^S 6 1(43^/^-^6 2, 6 4 i;, ^(el 
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3k©T&£„ 

[0 0 0 5] A/DXIMM 2 tt\ ra»i?f£- 

5o WflMI*f *1S!I§I» 4 3ttA/D^jftjg4 2©r^* 10 

;H»«M^*fflaL, »*3K^^*;l/4 4tcfl«g-rsia 
SS4 7frP>©{f^£fflvvc\ KA&j^<;M/4 4£fglfr 
[0 0 0 6] ilCi^WOf^rWgl^ 

wmmm?t>ftm-£tirc7k¥mmm*§ chd) t 

^SlRl^fl^ (VD) fCg^T^y^yy^Dy^ 
Hffi©#a*$BR3£^-f 3l^{s*f 

*«4-r«o tt«^a6 ltfxttwmmmasvzvim 20 
aj^^ftta-rst^ ttm^S4 9tt«w$nfei»«iBffl 

[000 7] jfi^, 7^f^h*7 hVhU^Xx-CX 
/WtU, «llx**:/W8B#iuSgLTV 30 

M^fcA/Dg&LTMftfctittlL-CV-Stf, f-fX^ 

V^o ffi^T P C W S 0»titS«lf^ X^W 
S«{C#x.§t(i:, PC-*D/Aggi-»7"to?e2&-> 

wmmmz&<t&<£c%o 40 

[0 0 0 8] Ctl*Stf» $H&£©7*T-f 

?xm7jkm<Di/F*pcicmvzrctb, *vesa 

(Video Electronics Standard Association) "c"(i> 7 

fcesrrs&tea^a&nfco c©*H££:lttmds 

[0 0 0 9] Httfc, ilf^ywglCRflf 

*4*sssfcbT, t&£©£«©t>©*^&T&©8 

£g#£3o 50 
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(a) CRTCCathode Ray Tube)ffl7"tn^*R G BTaS 

(b) LVDS (Low Voltage Differential Signaling) 

(c) LD I (LVDS Display Interface)^ 

(d) TMD S (Transition Minimized Differential S 
ignaling) 7a ^ 

(e) GV I F (Giga-bit Video Interface)^ 
[0 0 10] CtlZiDttlC^TffimicmWtZo 
(a) (OCRTfflTto^RGBMtli, VESA, 

D S U B 1 5 Vy<Du%.22%ftLXWffimzXmtJ 
£-tt£k©T\ 7^yi)MI©VE S ASiir?S&e 

TVESA STANDARD VGA PASS-T 
HROUGH CONNECTOR, VS89080 

[0011] (b) ©L VDSMfcfi, (BWEfifilS 
®j£j£7a5£©t>£o-e\ tc*> /^^©xv^/W^f 

©M»i«^ff^^TS-So z.nttitm&'rj*'? 

fr6 3~4tcitJ?>U Mfc*ny* • ^7*iiiniL/fet> 

[0 0 12] (c) ©LDI^Sfctt, ffi«EESffiMftl 
{E3i7aS©0- tOT\ huIB© LVDS 7aiC^ 2 [h]S§#£- 
IB#£fe-B\ ^U7;WE£©^7f££ 8 £:L ££>©?& 

So 

[0 0 13] (d) ©TMDS£Sfc«\ fgWBSiM 
ft£Et#3©t>fcO"7?, MIS© LVDS £g«WftSB# 

fflk-enmt. 8H§{t***frl\ <fc»> EM I (Electro 
Magnetic Interference) LT^SC ttf^T 

[0 0 14] (e) ©G V I FffSfctt, {g«E»§M 
T-f -So 

[0 0 15] cn^OlfiK^T, P&D (P 1 u 
g&Display)IWM^Sn, PC^TMD 

[00 16] 

ultimo znrcib. mmmcovim. miasm 
mffiwrn* avm&ic <fco"Oi, ®/s o t m l 

<, W«i©a^{i[S*iESS»cH»T*tft<3B:«4:V9Bg 
[0 0 17] If;, VE S Afc«fc3P&D£telc43^T 
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[ooi8] src, »«m^iaai5ii8-p?w»ffi#«iaj& 
VsitcMG, m&mm^czrctb, xtsmmimtm 
mimvmmcm^t. xtsmmm^^mLrcm 

[00 1 9] 3:7c, TMD S££Xf±L VD SfcjMTBfc 10 
flMi^ltfArtSn, ^Offfifil^HWfc: o o«^, ft 

&©&££ «fc o 7K¥ip) mm^Rzfmmmmm # 

So 

[0 0 2 0] coj: 3fcft#©HBj&fcSK* 

(i, T M D S fciMXti L V D S fejMT'^^M^^A^ £ 

XilLX, F>y h^hU y**fV;*:/W><*;WcBi 

[00 2 1] &1tn&lR3&Xf4BM05mtt. TMD 
S {ggXli L V D S £3£?l&ftmtf A*l Stl§f-fX 
^WgKcfet^T, SWIM^©«llfc«fc&-r, gig* 
S^fiBT F-y h v F U <y ^Xx-f x:7W/U>/Mcil 

[0022] sternum 5 aif 6 tmesmtt. tmd 

S fcgXte L V D S fcSTBWifi^Vo^ftSX'f X 30 

sc^gwfrso 

[0 0 2 3] $ 7 & 8 £«©£!¥!«:» TMD 

S £&Xfi L V D S eaSTfWHWB^AAStiST ^ x 

^lEM&Wfifi^fcttLTfiirVx:/ 

So 

[0 0 2 4] 

raw8*#j*'f *£*©#&] #«©§»#« 1 ©isijij 

W\ T M D S feiiXli L V D S G^T'^fl^^X^? 
n*T-f*7W8B£fc^T\ /^/Iz-r^-^HB^ 
©M tex >y >>' t mi X y t ©{foB£g£&Uif S CtlC 
«fc 07k¥fffftAHRB«ftf9 U l Mfi®f?S(cArt£ftS 
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tcSovr xj]wm{m<DVimm^&m*'M\ f >y f 
KLfcct*i$ai:-rst©-eJ5So 

[0 0 2 5] *M©lf^2©f|B^ti, M-vt;tay 
tfa-**^trfil#«J:5 TMD SfeiiXtiL VD Sfc 

sbhjdhi^ /<*/w*-:/;m#, f 

§Bx^*;l/ I/FHBa^ttrtSns^/W*-?';!/ 
(I*f©@14£TOJU «4©H£{t£n7c/U>/l^*- 

5 5 fifo S*;W *-7;Wl*l©P^x >y V s £ m 
7x-r>*tOftfiM, jfflE7*S?*;l/ I /Fts]S§fr5>tH 
rt 2ftS F <y F * n «y *JlM&?tl*l U tfSMg**zk¥ 

^6ttJ*«ti**¥W»ifll^#ttTftf«U trans** 
£K#«g1*$BfcLTttttrfS£2©*»>>*fc, fufE 

wlt, i5iBmiat;^2©*^y^©ai^<i;o?#e.n 

t\ F-y FvFU >y^Xf^x:/W^;Wi:g7*fflB& 
[00 2 6] *H©H*S 3 ©fSWti, T M D S 

iuvds Gmx-wmmmtxtiztiZTj xfis^m 

Bfcfei/vf, /^;l/-r^-7;Mi^©F^x>y v>"i:7j<¥ 
MI§ i: ©ffifflH^^m-r S c t lc J; 0 7j<¥ffi^fiS 
1 ^il^^{c*3^§y^;l/-r^-^;l/^ 
©BBS&ffiHi:SBIB|»iii^i:©fi[fflg*«a-rs c tic 
«t 0MBtb^ffiB4R«%f9 tulS7i<¥Rt>*SiI{iiB'l« 
«tar5i"»TA*«MWl4f ©9MWl#«a*ti»r\ F >y 

[0027] *BS©l9*«4©»Wtt. ^-vt;^y 

tTa-^*^t?M#aS<fc 0 TMD S fcMXti LVDSfi 

^^©ffitt**jsu u m&comfeit $ nfc/s*; w 

6 a* ? tifc/ ^-y;Ki^©M^x >v s/^M 
ffi7j<¥lB]^fi^i:©{utiM^, MbBxv?^/!/ I /FIhISS 
3^5 W*?ns F «y F *n >y ^HffiT-ftPJ L, ft^m 

1 SBK8RSK: Art * tHWBWtWgiJIHIS^ 6 tHrt S tife 



9 

lBtffS&20**y*J:9$&ftSzk¥&tfMiIffia{fc 

[00 2 8] #$5©fif 5 ©SSfltt, TMDS 
(i L V D S fciM-CW«e^tf AftStlSr W X^W8 

*JR»U l SE»»33tt£/*:M^*-7/Wl*f© 

U iu§B7}<¥Rtf^itft?#gttf8fcMBB7j<¥&tfMii:tii 
F7 F^hUy*XT-fX:/W/<iM/©£jlti[ 

[0 0 2 9] *«©»#£ 6 ©Jgi?§«\ ^-Vt;l/3> 
£i-*£#€HI*iag.J: K> T M D S fcmXIZ LVDSfi 

<y h^Dry^%*4rm*"r*-r^;H/F|sIJ8fc, ft) 
Ef^*;V I/FlslES*^tB^^n§7^;W^-y;l/ 
ffi*©«tt*W»JU litt©HJ£{fc3ftfc/<*;l/>f*- 

6 tftfj £ ft fc/<*/W *-^;HI^©^x >y J? £ ft 
8B*¥ra)«^#i:Offi*B^%» ffigEr^*/!/ I /FEB 
*^a*?ft* H-y F*n-y*Jji{fircH-«!JU IHKISJR 

^t^Txy ©ffiffigfc, j!ufBx:>*£/l/ 1 / FEK 
5 tttfjSft* K v h * p -y *¥feT?ft$iJ U ftgfc^ 

SaiBIHIteA^SftlWBStttiJWHiS^&a^Stife/^ 

^ ^-■r/Hi^oMi&ffiH t mzsmmmm t © 

ffiffig** HufB-r^^;l/I/F|5i8S7b^ttS7l^ftS7k¥ 

ws'juiss^ e s ft re <*>w %-7Mm<Dwmm 

M*. HUB3x^;H/F|5|K^€>tti^?ftS7k¥^ 

T^-T^ffl 2 ©£">>*£;, hGIBx^^;H /FHSSiO 
tt**ftSx^^/W»«^fcWLT» itufBfg 1 TkTSm 
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l\ K>y hvhU-y^^xi-xyW/^^l/OmSfuS 
1" S C fctfffl t § t, ©T*& * o 

[0030] *m<DmMm i comm. tmds &mx 

WcfcvT. *--7*;Ki#©r^tex «y ^^^7 

x y i/ £ ©ft ISM^tti-r 5 c i: £ «fc 0 7k¥ft?»W 
10 £$tf#U 7^;l/7*-7;Wi^©P»1&xy^7j<¥^ 

fciwtu i ss^ra(c*5tt§7u^b-('^-7;Wi^© 

U HutB7j<¥St;SiI^^g1f^i:MIB7j<¥SD*MiItli 

20 ftr^*fcwsu iEntmmttircm^immm^ 

S*ffv\ F -y h v h U >y 7 xf^ W/<*;l/k:Bft 
[0 0 3 1] *H©IS*]I8©M0/1l*, ^-Vt;^y 

b° a - ^ £^tyft^ J: 0TMDS L V D S B 

££ftfcBfc{§jfI^*x=i- k Ti?Z)lW®m^ 7j< 
¥lRl^m^, SfiiqffiA^ 7U^;H'^-y;HI^> F 
•y Ytuv m-fttZTi/Zfrl/Ym&t, m 

fi^©<itt^¥iJSiJ U Stt©@^{b$ ftfc/<*;l/-f ^~ 
30 7;Mi#*ttia-rsffite«giJlHiE&i:, MfBHtt^JHES 

5> tJb^j ? ft/c7^.;i/-r *-y;Hi^©r^x >y s; ^ 15 

fr&HtfjSftS K v h * D <y ^^feT-H-SiJ L, thSQglg 
^7j<¥Ui*{5e'lf$BtLTHi^-r^i:«fc, tul3<i14W 
giJHBS^ 6 W *J $ ft fc/ *-7)imf%<Dffltex. <y 
->* ii7x7 5? t ©fiffiM^, MfBri? ^ ;H / F m& 
^6U*«ft* F>y F v ^^{4T«JL. ttftlg* 
*7k¥»«S1S«fcLTtt^f smi©A"»^fc, 1 

40 *;l/-r ^- ^;HS^©HWftffili t fuIBSltlwi^fg^ t © 
{ftffifgfc, tul3xS>'^7b I / F lilBS3b^m*?ftSzk¥ 

WgiJIalK^ ^{±57^^ ftrc7^;l/-r *-^;Hg^©»SEJIB 
t9Er^*;l/ 1 / F @K*^ttJ*«ft*7K¥rai8 

73-T§^2©^<j7>^i:, |gS(lHlT*f#5.ft/-cBf[fB7j<¥R 
a'SK WflUSIIIffi £ Huffl*¥Rtf Sit WaffiBfiWE i: (c 
SEfl:tfav>i:*, XaWftfi^tflEtttcAaSftT^S 
50 fcW^-rsWBUSBfc. lWHE19JSUWTX*««l#*l«iE« 



11 

F®&&9tiiti2tiZTi?2>mm<micttLx. mm 
miRxfm2<Dzv>$£t)w 5 *is tf hew* 

[0 0 3 2] 

mm i (cfettsr-f m mmRzs %<Dmmysmc-o io 
v^t, iaffi^#MLoo^i-5o 0 1 immtomm i 

WgiJ@S§4, ill ©A -7>* 5 A, ^2<DA-)>^6A 

[0 0 3 3] -fv^/H/FHSgl Ati, PC-^WSft 
E<D{mU& 0 TMD S BmXl* L V D S £££ ftfcB* 

/^jl^^-fMsn. K>y h^n-y^tti^f 3IHSS 20 
T-fe^o <S14WgiJ[H]SS4 l±x^*/l/ 1 / F (HlieS 1 Afr£ 

^mcm^Lrmt^m-h^ ^io*->y^5 

Ate, SliffiiJlelSS 4 fc <fc 0<i14^@^^nfc/^>;l'-r 
*-7VMi^£A*f U '^>l-<%~7Mm<Dffli&aL 
•y^i: ^7x^^0(4^ (7^/l/Xifs) xv^/b 
I /F (HISS 1 Afr^ttiT^ftS F<y h^P-y^WuTtf 
ffl-r§^^>^TS5o ^l©A->>^5 A<Dttif]l^ 

7k¥-M®&mmt LT^fiwiiH]ss2 Afc#^.e.n 

&<> 30 
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